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[57] ABSTRACT

An apparatus for instructing an operator to place a -
gearshift of a manual transmission in an optimum posi-
tion in accordance with various operating parameters.
An upshift zone 1s formulated and stored in a memory
means and when operating conditions of the vehicle fall
within the upshift zone, a plurality of timers begin

counting for a predetermined amount of time and if

operating conditions still fall within predetermined pa-
rameters, an upshift signal is issued. The apparatus rec-
ognizes if the engine. is acting as a brake and if the en-
gine is under a heavy load when accelerating and does

- not 1ssue an upshift signal.

56 Claims, 10 Drawing Figures
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' APPARATUS FOR INDICATING AN OPTIMUM

- SHIFT POSITION FOR A MANUAL
TRANSMISSION INSTALLED IN A VEHICLE -

" BACKGROUND OF THE INVENTION

 The present invention relates to an apparatus for
instructing an operator to displace a gearshift to its
optimum shift position so that the gears in a manual

transmission are located in an optimum position, and

more particularly to an apparatus for instructing an
‘operator to displace a gearshift to its optimum upshift
position so that the gears in a manual transmission are
located in an optimum position. in accordance with
‘various running conditions of the vehicle.

It has been proposed that to achieve minimum fuel

eonsumptmn in a vehicle equipped with a manual trans-

mission, an operator should determine when to shift the
transmission in accordance with observed values from a
Speedometer or a tachometer. A propesed_ apparatus
~instructs an operator to upshift to an optimum gearshift
~ position to achieve the goal of minimum fuel consump-
tion. According to this proposed apparatus, an upshift
zone is predetermined by the parameters of engine
speed (RPM) and an engine load. The apparatus 1s de-
signed to detect the engine speed and the engine load,
“and subsequently instruct an operator to shift the man-

4,550,596 -

to provide an apparatus for instructing an operator to R
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place a gearshift in an optimum position under various
operating parameters including when the vehicle expe-

‘riences a gentle downhill grade or when the vehicle is
_aeeeleratmg under a large engine load.

To attain the above objects, an apparatus according
to the present invention instructs an operator to place a
gearshift of a manual transmission in an optimum posi-
tion in accordance with various operating parameters.
An upshift zone is formulated by predetermined param-

~ eters of engine speed (RPM) and parameters represent-

 ing engine load. The upshift zone is stored in a memory

~ means. When operating parameters of the vehicle fall
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. ual transmission to its optimum location by using an

and engine load fall within the upshift zone. This upshift

- zone comprises an area where the actual engine speed 1s -

greater than a predetermined engine speed and the ac-
tual engine load is less than a predetermined engine
load. An apparatus which uses the aforementioned up-
- shift zone instructs the operator to upshift when the

vehicle is started or when the vehicle is accelerating.

Further, when the vehicle is decelerating or idling, the

apparatus is designed to instruct an operator that an

upshift would be improper. Additionally, when a throt-
‘tle valve opens only slightly, the apparatus 1s designed
to instruct an operator that an upshift is necessary.

- However, the aforementioned apparatus has the fol-

lowing disadvantages. When a vehicle maintains a cer-

. tain vehicle speed, such as when coasting on a gentle

downhill grade, an engine brake may take effect to slow
the vehicle, resulting in the throttle valve slightly open-
-ing. Hence, the apparatus detects the slight opening of
the throttie valve and instructs the operator that the
transmission should be upshifted even though the en-
gine is acting as a brake for the vehicle. |
~Further, according to the aforementioned apparatus,
an improper upshift instruction issues at other specific
running conditions, such as when the load on the engine

 is large (created by, for example, the vehicle climbing

an incline) or when the vehicle is accelerating. Addi-
tionally, when a stroke of an accelerator pedal tempo-
- rarily decreases to lower the speed of the vehicle, the

. engine speed slowly decreases, but results in a rapid

~ decrease of the engine load. This causes the apparatus to
~1ssue an upshift signal because the engine operating

- parameters are within the upshift zone. However, if an
uphill incline was to continue, the upshift instruction
would be improper.

SUMMA_RY OF THE INVENTION

The present invention was made in view of the fore-
going background and to overcome the foregoing
drawbacks. It is accordingly an object of this invention

" indicator means when the parameters of engine speed

30

35

45

50

55

65

within the memorized upshift zone, a counter begins to
count a predetermined amount of time from the time -
when the operating parameters first fall within the up-

shift zone. After the predetermined amount of time
lapses, an indicator means instructs the operator to up-
shift the manual transmission if the actual operating

~ parameters are still w:thln the predetermmed upshift

zone

‘BRIEF DESCRIPTION OF THE DRAWINGS

The above objects, features and advantages of the R
present invention will become more apparent from the
following description of the preferred embodiments
taken In cenjunetlon with the accompanymg drawmgs |

wherein:
FIG.1is a schematlc view of an electnc circuit em-

ployed in an apparatus accerdmg to the present inven-

tion;
FIG. 2 is a diagrammatic view illustrating an electric

| pulse for controlling the amount of fuel mjeeted into the
. engine; |

- FIG. 3 is a diagrammatic view 111ustrat1ng an upshlft
zone for a vehicle utilizing a manual transmission; :

FIG. 4 is a flow chart of a main routine employed in
the apparatus according to the present invention;

FIG. 5 is a detailed flow chart determining a gearshift

position aceordlng to a ﬁrst embodiment of the present -

invention;
FIG. 61s a detailed flow chart for determmmg when

to issue an upshift instruction according to the first"_ |

embodiment of the present invention;

FIG. 7 is a detailed flow chart determining a gearshift
position according to a second embodlment of the pres-
~ent.invention; and |

FIGS. 8, 8z and b are a detailed flow chart for
determining when to issue an upshift instruction ac-
cording to the second embodiment of the present .
invention. |

'DETAILED DESCRIPTION OF THE
* PREFERRED EMBODIMENTS

The present invention is described in detail with ref-
erence to the accompanying drawings which illustrate
different embodiments of the present invention. |

Referring to FIG. 1, a battery 2, which is installed as
an electric power source in a vehicle, has a negative
terminal connected with a ground in the vehicle and a-
positive terminal connected through an ignition switch
4, a reversing light lamp switch 8 and a reversing light
lamp 10 to the ground of the vehicle. The reversing
light lamp switch 8 is actuated by an operator selecting
a reverse gear in a manual transmission installed in a
vehicle. The ignition switch 4 is connected through an
indicator lamp 12 to a collector of a transistor 14. An
emitter of the transistor 14 is connected to an outlet port
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of a mlcrooomputer 16. The microcomputer 16 ealeu- |

lates the proper time for shlftlng the manual transmis-
sion. The microcomputer 16 is connected with an inter-
face 18 which outputs. data into the mlorocomputer 16.

The interface 18 is fed by at least six inputs, a first of
which is connected with a pomt positioned between the
reversing light lamp switch 8 and the reversing light
lamp 10. A second input comes from a clutch switch 20,

a third from an engine idle switch 22, a fourth from a
- vehicle speed sensor 24, a fifth from an engine coolant
temperature switch 26 and a sixth from a computer 28,

which electromcally controls the fuel mjectlon system.
The reversing light lamp switch 8 is mounted at a

position adjacent to a gearshift lever (not shown in
drawings) for the manual transmission, and is actuated
. when the shift lever is positioned in reverse gear. When
the engine is running, and the reversing light lamp
switch 8 1s actuated, an ON signal is inputted through
‘the battery 2, the ignition switch 4 and the. reversing
light lamp switch 8, to the interface 18. The clutch
switch 20 is connected to the ground of the vehicle at
one end thereof and to the interface 18 at another end

~ thereof, when a clutch pedal (not shown in drawmgs) is
~ depressed, the clutch switch 20 is actuated. The engine

~ idle switch 22 is connected to the ground of the vehicle
~at one end thereof and to the interface 18 at another end
thereof and is actuated when a throttle vaive 32
mounted in a throttle body 30, is fully closed. The vehi-

cle speed sensor 24 has a rotary magnet 24A and a lead .

switch 24B therein. The rotary magnet 24A is fixed to a
Speedometer cable (not shown in drawings). The lead

5

4 _

versely, the load on the engine is large when a wide

pulse. width is 1nputted -- |
The microcomputer 16 includes a read-only memory

(hereinafter referred to as ROM). The ROM has a mem-

~ory which stores a map illustrating an upshlft Zone, such:
as the one shown in FIG. 3, specific. gear ratios.of the

 manual transmission and various other programs assist-

10

ing in the operation of the vehicle.

The upshlft zone shown in FIG. 3, is determmed by
the engine speed (RPM) and the pulse width, which

corresponds to the amount of load on the engine. The

N upshlft zone is defined in an area where the engine

13

- speed is greater than or equal to 1500.RPM.

FIG. 4 shows a main flow chart of a program em-
ployed in the first and second embodiments of the pres-
ent invention. FIGS. 5 and 6 show flow charts of pro-
grams employed in the first embodiment of the present

- invention. In FIG. 4, a step 42 initiates various kinds of
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‘timers such as T, T4, Ta, T¢, Tarand Ty upon the

actuation of the ignition switch 4. The timer T counts
the amount of elapsed time from the moment when a
gearshift position of a manual transmission is deter-

- mined. The timer T4 counts the amount of elapsed time =
from the moment when the vehicle commences to ac-
celerate under a large engine load. The timer Tz counts

the amount of elapsed time from the moment when the
throttle valve commences to Be fully closed. When the

~throttle valve is fully closed, the engine brake is ef-

switch 24B is connected to the ground of the vehicle

and opens and closes four times for every revolution of
the Speedometer cable. The engine coolant temperature
switch 26 is connected to the ground at one end thereof
and is mounted within an englne cylinder block (not

35

shown in drawmgs) The engine coolant temperature

switch 26 is actuated when the engine coolant tempera-

. ture is less than or equal to a predetermined tempera-

ture, for example, 50° C. The output from the-engine

18.

- Anair flow meter 34, a first crank angle sensor 38 and
a second crank angle sensor 40 are connected to the
computer 28. The air flow meter 34 detects the amount

of air suctioned into: the engine. The first and second

- crank angle sensors 38 and 40 are provided on a distrib-
~utor 36. The computer 28 calculates a basic amount of
an injected fuel based upon the amount of air taken into
the engine and the engine speed, and adjusts the basic
amount of fuel injected into the engine, in accordance

coolant temperature sw1teh 26 1s fed into the mterfaee'

40
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with the engine coolant temperature and the intake air

temperature to obtain a final adjusted amount of fuel to

be injected. The final adjusted amount of injected fuel is-

injected through a fuel injection valve, according to a
pulse generated by the computer 28. The amount of fuel
needed to be injected is determined by the pulse width
generated by the computer 28. This fuel injection pulse
controls the fuel injection valve per every predeter-
mined crank angle. A pulse width signal (TP) for the
fuel injection is inputted to the interface 18. The pulse
width signal TP has a waveform such as that shown in
FI1G. 2. The pulse width is in approximate proport1on to
the amount of load experienced by the engine. An inter-
val L between pulses is equivalent to a period for revo-
lution of the engine. Hence, the load on the engine is
small when a narrow pulse width is inputted and con-

55
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~condition is located within the memorized upshlft ZOne

635

- fected. The timer T ¢ counts the amount of elapsed time
30

from the moment when the engine brake is released.
The timer Tz counts the amount of elapsed time from

the moment when the throttle valve commences to be
“opened from the fully closed position within the upshift

zone. The timer T, counts the amount of time that the
operative parameters of the vehicle place the manual

transmission in the upshift zone.

The program then proceeds to a step 43, wherein the
frequency frpof the engine speed is calculated from the
interval between consecutive TP signal pulses. The
program proceeds to a step 44, wherein the frequency
fy of the vehicle speed signal is calculated by counting
the pulse signal of the vehicle speed sensor 24. The

- program then proceeds to a step 45, wherein the ON or
- OFF signal from the reversing light lamp switch 8, the
45

clutch switch 20, the engine idle switch 22 and the
engine coolant temperature switch 26 are read. The

- program proceeds to a step 46, wherein the present gear
- ratio R of the manual transmission is calculated from the

frequency frp of the engine speed and the frequency f;
of the vehicle speed signal. Further, the actual gear
ratio is. calculated and compared with the specific gear
ratios stored in the memory of the ROM, and the posi-
tion of the gearshift is determined. The program pro-
ceeds to a step 47, wherein the engine load is deter-
mined by measuring the width of the pulse signal TP,
and the determination is made of whether the present
driving condition is positioned within the upshift zone
shown in FIG. 3, as determined by the measured pulse

‘width. The program proceeds to a step 48, wherein the

determination is made of whether the actual driving

based on the frequency f7pof the engine revolution and
the pulse width signal TP as was measured in the step
47. The frequency frp of the engine revolution is equal
to the engine speed. Further, the determination of
whether an instruction to upshift the transmission
should be made, and an upshift flag F up 18 either set or
reset. The program prooeeds to a step 49, whereln ac-



‘cording to the condition of the upshift flag Fyp, a high
or low level signal is outputted to the transistor 14.

'When a high level signal is outputted to the transistor

14, a base electric current flows in the transistor 14 and
the indicator lamp 12 is actuated. This indicator lamp 12

_"mstruets the operator to upshlft the manual transmis-
~sion. Conversely, when a low level signal is outputted
~to the transistor 14, the base electric current does not

flow in the tran51stor 14 and the indicator Iamp 12 is not

__. '_aetuated

FI1G. 5 shows a detalled flow diagram of the functions

performed in step 46 of FIG. 4 which determines the
appropriate posmon for the gearshift. In a step 51, the

gear ratro R 13 ealeulated by the followmg equatlon

| '-'R=a-cfrp/fy)' ' (1)

where “a” is a contant

In steps 52 through 56, the calculated gear ratio R is

'eompared with the specific gear ratios (1st through 5th)
. stored in the memory of the ROM. If the value of the

- - ‘calculated gear ratio R is. within the predetermined
. permissible scope (for example, +=5%) of the stored

~specific gear ratios of the manual transmission, the ac-
- tual gearshlft position (one of 1st-5th) is stored in a
‘register P-in any one of the appropriate steps 57 through
-61. Thus, when the value of the actual calculated gear
ratio R is within the predetermmed permissible scope,
the gearshift position is determined.
~ If the position of the gearshift cannot be determined
by the above-mentioned steps, the program proceeds to
 a step 62, wherein the timers T and Tpg are reset to
zero. The timer TG counts the amount of time elapsed
from the moment when the gearshift position of the
~ manual transmission is determined. The timer T pcounts
the amount of time elapsed from the moment when the
. throttle valve commences to be fully closed. The pro-
-gram proceeds to a step 63, wherein the value stored in
the register P is converted to a predetermined value, for
example, zero. When the register P is caused to store the
predetermmed value, this procedure means that the
gearshift posmon has not been determined for the pres-
ently occurring dnvmg conditions. However, when the
gearshift position is determined by any one of the steps
- 57 through 61, the program proceeds to a step 64. In the
step 64, the determination is made of whether or not the
counted value of time on the timer T is greater than a

4,550,596
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the program prooeeds to a step 70. In the step 70, an

engme brake flag Fpis set. The engine brake flag Fpis |

set in such condition that after a predetermmed amount
of time elapses after the gearshift position has been

determined, and after a predetéermined amount of time
elapses with the throttle valve being fully closed for the -
entire period, it is determined that the effect of the
engine acting as a brake has oceurred The program
then proceeds to a step 72.
However, if the step 65 has determined that the throt-
tle valve was not fully closed, it would have proeeeded |

to a step 67. In the step 67, the determination is made of

whether or not the counted value of time on the timer
Tcis greater than a predetermined value (for example

0.5 seconds). If the counted value of time on the timer

Tcis greater than the predetermined value, the program
proceeds {0 a step 71. In the step 71, the engine brake
flag Fgis reset. If the counted value of time on the timer -
Tcis less than or equal to the predetermined value, the
program proceeds to-a step. 72. In the step 72, the value
of the reglster P 1S stored In a. predetermmed area M pof
the RAM. : - |
- FIG. 6 dlscloses a detailed flow diagram of the func-
tions performed in the step 48 of FIG. 4, according to
the first embodiment, which determines whether the

“actual driving condition is located within the memo-

rized upshift zone. In a step 81, it is determined whether

actual present pulse width signal TP and the actual

engine speed fall within the upshift zone shown in FIG.
3. If the present driving conditions do not fall within the
upshift zone, the program proceeds to a step 82,

- wherein the timer T,,, which counts the amount of time

35
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” predetermmed value (for example, 0.1 seconds) If the

“counted value of tlme_ on the timer T is greater than
 the predetermined value, the program proceeds to a

o step 65, wherein the determination is made of whether

* or not the throttle valve is fully closed. When the throt-
tle valve 32 is fully closed, the engine brake is effected.
However, if the counted value of time on the timer Tg

50

that the operating parameters of the vehicle cause it to
be in the upshift zone, is reset to zero. The program then
proceeds to a step 83. In the step 83, the timer Tay,
which counts the amount of elapsed time from the mo-

" ment when the throttle valve 32 commences to be

opened from the fully closed position within the upshift
zone, is reset to zero and the program proceeds to a step
84. The timer Tysis adjusted to count an amount of time

elapsed from the moment when the throttle valve 32is
first opened from the fully closed position with the

engine brake flag Fpbeing set in the upshift zone. How-

ever, if the actual present driving conditions fall within
the upshift zone, the program proceeds from the step 81
to a step 80. In the step 80, it is determined whether or
not the throttle valve 32 is fully closed. If the throttle
valve 32 is not fully closed, the program proceeds toa
step 85. In the step 85, it is determined whether or not

the counted value of time on the timer T, is greater
than a predetermined value (for example, 0.2 seconds).

- If the counted value of time on the timer Ty is less than

is less than or equal to the predetermined value in the

step 64, the program proceeds to the step 63, wherein
- the value stored in the register P is converted to a pre-
determined value, for example, zero. But, when the step

55

65 determines that the throttle valve 32 is at least par-

tially open, the program proceeds to a step 66, wherein
the timer Tpis reset to zero. The program proceeds to
a step 68, wherein the timer T¢, which counts the
amount of elapsed time from the moment when the

 engine brake is released, is reset to zero. The program.

then proceeds to a step 69. In the step 69, it is deter-
mined whether or not the counted value of time on the
~ timer Tpg is greater than a predetermined value, for
example, 0.5 seconds. If the counted value of time on
the timer Tpis greater than the predetermined value,

65

the predetermined value, the program proceeds to a
step 83. In the step 83, the timer Tjsis reset to zero and

- the program proceeds to a step 84. However, if the

counted value of time on the timer T,,is greater than
the predetermined  value, the program proceeds from
the step 85 to a step 86. In the step 86, it is determined
whether or not the engine brake flag Fp i1s not equal to
1. If the engine brake flag Fpgis not equal to 1, the pro-
gram proceeds to a step 87. In the step 87, the timer Tas
is cleared, and the program proceeds to a step 91. How-
ever, if the engine brake flag Fpis equal to 1, the pro-
gram proceeds to a step 88. In the step 88, it is deter-
mined whether or not the pulse width signal TP 1is
greater than a predetermined value (for example, 1.6
milliseconds) at its upper limit of the upshift zone. If the



. ra
pulse width signal TP. is greater than or equal to the
- predetermined value at its upper limit thereof, the pro-
gram proceeds to a step 89, wherein it is determined
whether or not the counted value of time on the timer
Tar1s greater than a first predetermined value (for ex-
ample 1 second). However, if the pulse width signal TP
is less than the predetermined value at its upper limit of
the upshift zone, the program proceeds from the step 88
to a step 90. In the step 90, it is determined whether or
not the counted value of time on the timer Tpsis greater

10

than or equal to a second predetermined value (for

example, 2 seconds). The second predetermined value is
larger than the first predetermined value. If it is deter-
mined that the counted value of time on the timer Ty is
less than the second predetermined value, in the step 90,

the program proeee_ds to a step 96, wherein the value of
the timer Tc is reset to zero. The program proceeds

from the step 96 to a step 84. In the step 84, the upshift

~ flag Fypis reset.

- When the pulse width 51gnal TP 1S narrow, thls condi-

tion may mean that the operator has temporarily
opened the throttle valve 32, while still maintaining the
effect of the engine brake and the operator desires to
maintain the effect of the engine brake. Conversely,
- when the pulse width signal TP is wide, this condition
may means that the pedal has been depressed a large
amount and the operator does not desire the effect of
the engine brake any longer. Hence, the first predeter-
mined value is designed to be smaller than the second
predetermined value. When a short amount of time
elapses from the condition when the throttle valve 32 is
- opened within the upshift zone, the upshift flag Fyp is
reset. -
The reason why the timer Tc 1S cleared in the step 96
1s to prohibit the engine brake flag Fp from being low-
ered when the timer Tys commences to count the
amount of time when the value of the engine brake flag
Fpbeing equal to 1, and to recount the amount of time
counted by the timer T¢ after the predetermined time
‘has elapsed, and to lower the engine brake flag Fg un-

" less the throttle valve 32 is fully closed durlng 0.5 sec-
- ond time period. |
~In the step 91, the upshift flag Fup is set. When the

engine brake is not effected within the upshift zone, or
when the predetermined time elapses with the throttle
valve 32 open, the upshift flag F,, is set. As apparent
from the above-described explanation, the upshift flag
F.p does not set whenever the throttle valve 32 tempo-
rarily opens. -

In a step 92, it is determmed whether the present
gearshift position is in the pesmen of the highest gear
ratio (for example, 5th position) in view of the gearshift
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position memorized in the predetermined area Mp

stored in the RAM. When the actual present gearshift
position is not in the position of the highest gear ratio,
the program proceeds to a step 93, wherein it is deter-
mined whether or not the detected engine ceolant tem-
perature is lower than a predetermmed temperature (for
example, 50° C.). If the engine coolant temperature is
not lower than the predetermined temperature, the
program proceeds to a step 94. In the step 94, it is deter-
mined whether or not the vehicle speed detected by the
vehicle speed sensor is less than or equal to a predeter-
mined speed (fer example, 5 km/h). If the detected
vehicle speed is greater than the predetermined speed,

the program proceeds to the step 49. The rationale for
providing the steps 92 through 94 is as follows: When
the actual present gearshift position is in the position of

53

60

4,550,596

8.'

'the highest gear ratio in the step 92, the manual trans-

mission cannot obtain any higher gearshift positions.
When: the vehicle speed is less than the predetermined
speed, 1n the step 94, it becomes apparent that the pres-

- ent driving condition is not in the upshift zone, regard-

less of any other parameters which are calculated. Fur-
ther, when the engine coolant temperature is lower than
the predetermined temperature set in the step 93, it also
i1s not proper to upshift the transmission because the
engine coolant temperature is teo low. According to
the first embodiment, the instruction of the upshlft is not
made when the reversmg light lannp switch 8 1s actuated
or when the clutch swing 20 i1s actuated, because an
upshift would not be proper in either of these circum-
stances. .

FIG. 7 discloses a detalled ﬂow diagram of the func-
tions performed in the step 46 of FIG. 4, according to a
second embodiment of the present invention, which
determines the appropriate position for the gearshift. In.
a step 131, the gear ratio R is calculated by the steps
shown in equation (1). In steps 152 through 156, the
calculated gear ratio R is compared with the specific
gear ratios {1st through 5th) stored in the memory of the
ROM. If the calculated gear ratio R is a value within a
predetermined permissible scope (for example, +5%)
of the specific gear ratios for the manual transmission -

- stored 1n the actual ROM, gearshift position (one of the-

Ist-5th) is memorized in a register P in any one of the
steps 157 through 161. Thus, when the calculated gear
ratio R is a value within the predetermined permissible
scope, the gear shift position is positively determined.
If the gearshift position is not positively determined
by any of the above steps, the program proceeds to a
step 162, wherein the timers Tgand T4are reset to zero.
The timer TG counts the amount of elapsed time from
the moment when a gearshift position of the manual
transmission is determined. The timer T4 counts the
amount of elapsed time from the moment when the

vehicle commences to accelerate under a large engine

load. The program then proceeds to a step 163. In the
step 163, the value stored in the register P is converted

to a predetermined value, for example, zero. When the

register P is caused to store the predetermined value,
this procedure means that the gearshift position has not -
been determined for the presently occurring driving
conditions. However, when the gearshift position is
determined by any one of the steps 157 through 161, the
program preceeds to a step 164. In the step 164, the
determination is made of whether or not the counted
value of time on the timer Tgis greater than a predeter-
mined value (for example, 0.1 seconds). If the counted
value of time on the timer T is greater than the prede-
termined value, the program proceeds to a step 165. In
the step 165, it is determined whether or not the pulse
width signal TP is greater than a predetermined time
(for example, 2.2 milliseconds). Because the. pulse width
signal TP is proportional to the load on the engine, the
step 165 predetermines whether or not the engine load
1S greater than a predetermined value. If the counted
value of time on the timer Tgis less than or equal to the

~ predetermined value in the step 164, the program pro- -

65

ceeds to a step 163. If the pulse width SIgnal TP 1s less
than the predetermined value set forth in the step 165,
the program proceeds to a step 166, wherein the timer
T41s reset to zero. The program then proceeds to a step

-167. When the determination is made in the step 1685,

that the pulse width signal TP is greater than or equal to
the predetermined value, the program proceeds to a
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step 168. In the step 168, the timer T'c, which counts the
amount of elapsed time from the moment when the
 engine brake is released, is reset to zero. The program
proceeds to a step 169, wherein it is determined whether
or not the counted value of time on the timer T4 i1s 5
greater than a predetermined value (for example, 1
second). If the counted value of the timer T4 is greater
than the predetermined value, the program proceeds to
‘a step 170, wherein the acceleration flag Facc1s set. The
program then proceeds to a step 172. However, 1f the 10
counted value of time on the timer T4 is less than or
equal to the predetermined value in the step 169, the
program directly proceeds to the step 172 and by-passes
the step 170. - | |
~In the step 167, which can be reached after either of 15
the steps 163 or 166, the determination is made of
whether or not the amount of time on the timer Tc¢is
greater than a predetermined value (for example, 0.5
seconds). If the counted amount of time on the timer
Tcis greater than the predetermined value, the program 20
proceeds to a step 171. In the step 171, the acceleration
flag Fgc is reset. If the amount of counted time on the
timer Tc¢ is less than or equal to the predetermined
value, the program proceeds to a step 172, wherem the
- value of the register P is stored in the predetermined 25
arca Mp.

FIG. 8 discloses a detailed flow diagram of the func-
tions performed in the step 48 of FIG. 4, according to
the second embodiment, which determines whether the
actual driving condition is located within the memo- 30
rized upshift zone. In a step 181, it is determined
whether the actual present pulse width signal TP and
the actual engine speed fall within the upshift zone
shown in FIG. 3. If the present driving conditions do
not fall within the upshift zone, the program proceeds 35
to a step 182, wherein the timer T, which counts the
amount of time that the operating parameters of the
~ vehicle cause it to be in the upshift zone, 1s reset to zero.
"The program then proceeds to a step 183. In the step
183, the timer Tas, which counts the amount of elapsed 40
time from the moment when the throttle valve 32 com-
mences to be opened from the fully closed position
within the upshift zone, is reset to zero and the program
proceeds to a step 184. The timer Tas 1s adjusted to
count an amount of time elapsed from the moment 45

‘when the throttle valve 32 is first opened from the fully
- closed position with the engine brake flag Fp being set
in the upshift zone. However, if the actual present driv-
ing conditions fall within the upshift zone, the program
proceeds from the step 181 to a step 185. In the step 185, 50
it is determined whether or not the amount of time
counted on the timer Ty, is greater than a predeter-
- mined value (for example, 0.2 seconds). If the counted
amount of time on the timer Ty, is less than or equal to
the predetermined value, the program proceeds to a 55
step 183. However, if the counted value of the timer
T,p is greater than the predetermined value, the pro-
gram proceeds from the step 185 to a step 186. In the
step 186, it is determined whether or not the amount of
the acceleration flag f;.c is equal to 1. If the amount of 60
~ the acceleration flag Fgcc is not equal to 1, the program
proceeds to a step 187. In the step 187, the timer Ty is
reset to zero and the program proceeds to a step 191. If
the amount of the acceleration flag Fgccis equal to 1, the
program proceeds from the step 186 to a step 188. In the 65
step 188, it is determined whether the pulse width signal
TP is less than or equal to a predetermined value (for
example, 1.6 milliseconds) at an upper limit of the up-

10
shift zone. If the pulse width signal TP is less than or
equal to the predetermined value at the upper limit of

the upshift zone, the program proceeds to a step 189. In.
the step 189, it is determined whether or not the

counted value of time on the timer . Tpsis greater thana

first predetermined value (for example, 1 second). If the

pulse width signal TP is greater than the predetermined
value at its upper limit of the upshift zone, the program
proceeds from the step 188 to a step 190. In the step 199,
it is determined whether or not the counted value of the
time on the timer Tasis greater than or equal to a second
predetermined value (for example, 2 seconds). The sec-
ond predetermined value is greater than that of the first
predetermined value. If it is determined - that the

counted value of the amount of time on the timer Tpsis -

less than the second predetermined value, in the step
190, the program proceeds to a step 196. In the step 196,
the timer Tc is reset to zero. The program proceeds
from the step 196 to a step 184, wherein the upshift flag

F.p is reset. When the counted value of the amount of

time on the timer Tas is small, this indicates that the
acceleration stage is temporarily cleared. Further, m
this condition, the operator may want to continue the

- vehicle in the acceleration stage. This varies in accor-

dance with the pulse width signal TP which corre-
sponds to the load experienced by the engine. The
greater the engine load the greater the possibility of the
fact that a vehicle is accelerating. When the pulse width
signal is large, the counting time is adjusted to be of a
longer duration than when the pulse width signal i1s
short. When the vehicle speed is temporarily decreased

within the area of the upshift zone, the upshift flag F,p
is reset. The reason why the timer Tcis reset to zero in

the step 196 is to prohibit the acceleration flag Faec from
being lowered when the timer T ¢ commences to count
the time at the condition F,..= 1, and recounts the timer
Tc after the predetermined time has elapsed, and to
lower the acceleration flag Fsc, unless the pulse width
signal TP becomes greater than or equal to 5 millisec-

onds during a predetermined time. In the step 191, the

upshift flag F,, is set. As apparent from the above-
described explanation, the upshift flag F,p 1s not set
even if the vehicle is in the upshift zone because the

acceleration of the vehicle is lowered by a temporarily

large engine load. |

In a step 192, it is determined whether the present
gearshift position is in the highest gear ratio (for exam-
ple, 5th position) in view of the gearshift position of the

predetermined area Mp stored in the RAM. When the

present gearshift position is not the position of the high-
est gear ratio, the program proceeds to a step 193. In the
step 193, it is determined whether or not the throttle
valve 32 is fully closed. If the throttle valve 32 is not
fully closed, the program proceeds to a step 194. In the
step 194, it is determined whether or not the engine
coolant temperature is less than a predetermined tem-
perature (for example, 50° C.). If the engine coolant
temperature is not less than the predetermined tempera-
ture, the program proceeds to a step 195. In the step
195, it is determined whether or not the vehicle speed
detected by the vehicle speed sensor is less than or equal
to a predetermined speed (for example, 5 Km/h). If the

detected vehicle speed is less than or equal to the prede-

termined speed, the program proceeds to the step 49,
equivalent to the step 49 in FIG. 4. The rationale for
providing the steps 192 through 195 is as follows: When

the actual present gearshift position is the position of the -
highest gear ratio in the step 192, the manual transmis-

'
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sion cannot obtain aﬁy higher gearshift pesitions When -

the throttle valve is fully closed, the engine is idling and
therefore it is not proper to upshift the gears, of the
manual transmission. Further, when the engine coolant

- temperature is less than the predetermined temperature,

it also is not proper to Upshift'the transmission because
the engine coolant temperature is too low. When the
vehicle speed is less than the predetermmed speed, in
the step 195, it becomes apparent that the present driv-
ing condition is not in the upshift zone, regardless of any
other parameters which are calculated.

According to the present second embodiment, the
instruction of the upshift is not made when the upshift is
not proper in such circumstances.

While the present invention has been described in its
preferred embodiments, it is to be understood that the
invention is not limited thereto, and may be otherwise
embodied within the scope of the following claims.

What is claimed is:

1. An apparatus for indicating an optlmum gearshift
position for a manual transmission installed in a vehicle,
comprlsmg

an engme speed sensor for detecting a speed of an

engme TR

an engrne load sensor for detectlng a load on an en-

~ gine; - - |

memory means for storing parameters of engine

speed and parameters representing engine load for

ereating an upshift zone;

comparison means for determlnmg whether the de-

tected Speed of the engine and the detected load on
the engine fall within the stored parameters of
engine speed and engine load ‘which create the
upshift zone;
fiming means for measuring a predetermined amount
- of elapsed time when the detected speed of the
engine and the detected load on the engine fall
within the stored parameters of engine sped and
engine load which create the upshift zone;
indication means for instructing that upshifting 1S
necessary when the detected speed of the engine

and the detected load on the engine fall within the

stored parameters of engine speed and englne load
which create the upshift zone; and

delay means for delaying the mstructlng by the indi-
cation means that upshiftmg is necessary until the

detected Speed of the engine and the detected load.

- on the engme have been within the stored parame-
ters of engine speed and engine load, which create
the upshift zone, for a predetermmed amount of
time.

2. The apparatus of claim 1, wherein said parameters
representing engine load are generated by a fuel injec-
tion pulse which controls a fuel injection valve, the fuel
injection pulse havmg a width which 1s proportional to
a load on the engine.

3. The apparatus of claim 1, whereln said mdlcatlon
means comprises a lamp.

4. The apparatus of claim 1, whereln said delay means
comprises a timer.

5. An apparatus for indicating an optlmum gearshtft
pOSlthH for a manual transmission installed in a vehlele
eomprlsmg

an engme speed sensor for detectmg a speed of an

| engme

an engme load sensor for detecting a load on an en-
gine;
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throttle means for contmlhng an amount of fuel sup-
~ plied into an engine; o

" timing means for counting an amount of elapsed time
from a moment when the throttle means is fully

closed; . o
- memory means for storing parameters of engme :
‘speed and parameters representmg engme load for
| creatlng an upshift zone; | o |
~ comparison means for determmmg whether the de- |
~ tected speed of the engine and the detected load on -

the engine fall within the stored parameters of

engine speed and englne load which creates the
~ upshift zone; - |
indication means for instructing that upshlftmg is
necessary when the detected speed of the engine
and the detected load on the engine fall within the
stored parameters of engine speed and engine load
which create the upshift zone; and - |

~delay means for delaying the instructing by the indi-

cation means that upshifting is necessary until the

detected speed of the engine and the detected load

on the engine have been within the stored parame-

ters of engine speed and engine load, which create

the upshift zone, for a predetermlned amonnt of
time.

6. The apparatus of claim 5, wherein sald parameters

representing engine load are generated by a fuel injec-

tion pulse which controls a fuel injection valve, the fuel

‘Injection pulse havmg a width whlch is pmportmnal to
a load on the engine. -

7. The apparatus of claim 5 ‘wherein sald mdlcatmn

‘means comprises a lamp.

8. The apparatus of claim §, wherem sald delay means
comprlses a timer.

9. A method for indicating an 0pt1n:1um time to up-
shift a manual transmission installed in a vehicle having
an engine comprising the steps of: |

storing a plurality of optimum upshift conditions; |

actuating a plurality of timers for counting predeter—-
- mined amounts of time;

calculating an actual frequency of an engine speed

calculating an actual frequency of a speed of the

vehicle;

-reading a plurality of outputs corresponding to aetual .

- operating conditions of the vehicle;
| determmmg an aetual gear ratio of the manual trans-

mission; | |

determlmng the actual load on the engine;

comparing the actual frequency of the engine speed
and the actual load on the engine with the stored
plurality of Optlmum upshift conditions; and

actuating an upshift indicating means when the com-
paring of the actual frequency of the engine speed
and the actual load on the engine with the stored
plurality of optimum upshift conditions indicates
that the actual frequency of the engine speed and -
the actual load on the engine have been within the
optimum upshift conditions for a predetermined
amount of time.

10. The method of claim 9, wherein said plurality of

optimum upshift conditions comprises an upshift zone

formed from a relationship between the actual engine

speed and a pulse width from a signal pulse for a fuel .

mjeetlon valve.

11. The method of claim 9, wherein said plurality of
trmers comprises at least one timer selected from the
group consisting of: a timer which counts an amount of
elapsed time frem a moment when a gearshift position




for said manual transmission is determined, a tlmer |
which counts an amount of elapsed time from a moment
when the vehicle commences to accelerate under a
large engine load, a timer which counts an amount of -
elapsed time from a2 moment when a throttle valve be- 5
gins tobe. fully closed, a timer which counts an amount
of elapsed time from a moment when an engine brake 1s
released, a timer which counts an amount of elapsed
time from a moment when a throttle valve is opened
from a fully closed position, and a timer which counts 10
an amount of elapsed time that said actual frequenoy of
‘the engine speed and said actual load on the engine have

~ been within said optimum upshift conditions for said

predetermmed amount of time. .

| -12.The method of-claim 9, wherein said ealeulatlng-=.-15- o
- an actual frequeney of the engine speed is determined

by examining an interval between consecutive signal

.pulses being inputted to a fuel injection valve. |
13. The method of claim 9, wherein said oalculatmg

an actual frequency of a speed of- the vehicle is deter- 20

mined by counting a pulse signal from a vehicle Speed

- S€NSOr.

14. The method of claim 9, wherein said readmg a
plurality of outputs oorrespondmg to actual operating
conditions of the vehicle comprises reading at least one 25
output selected from the group consisting of: a revers-
ing light lamp detector, a clutch switch detector, an
engine idle switch detector, a vehicle speed sensor de-
tector and an engine coolant temperature detector.

15. The method of claim 14, wherein said plurality of 30
outputs are inputted to an interface.

-16. The method of claim 15, wherein said interface
| _outputs a signal to a microcomputer which in turn out-
puts a signal to an indicator lamp when the actual fre-
‘quency of the engine speed and the actual load on the 35
- engine have been within the optimum upshift conditions
for a predetermined amount of time.

- 17. The method of claim 9, wherein said determining
an actual gear ratio of the manual transmission com-
prises: 40
~ calculating a gear ratio from a relatronshlp between
the actual frequency of the engine speed and the
actual frequency of the speed of the vehicle;
comparing the calculated. gear ratio with a plurality
- of specific gear ratios stored in a memory means; 45
determining if said calculated gear ratio is within a
permissible scope of said plurality of stored specific
~ gear ratios and storing the calculated gear ratio
when within said permissible scope;
determining an amount of elapsed time from a mo- 30
- ment when the calculated gear ratio is within said
permissible scope and comparing the determined
~amount of elapsed time with a first stored predeter-
- mined amount of time; .
determining whether a throttle valve 1s fully closed 335
when said determined amount of elapsed time from
the moment when the calculated gear ratio is
within said permissible scope is greater than said
first stored predetermined amount of time;

setting a timer which counts an amount of elapsed 60

time from a moment when the engine is released
from acting as a brake, to zero;
determining an amount of elapsed time from a mo-
- ment when the throttle valve is fully closed and
comparing the determined amount of elapsed time 65
- from the moment when the throttle valve 1s fully
closed with a second stored predetermmed amount
of time; and |

4, 550 596

14
outputting a value resulting in an engme brake ﬂag
being set when said determined amount of elapsed

time from the moment when the throttle valve is

fully closed is greater than said second stored pre-
determined amount of time. |

18. The method of claim 17, wherem when said calcu-
lated gear ratio is not within said permissible scope, said
determining an actual gear ratio of the manual transmis-
sion further COMPpTrises: | -

setting a timer which counts an amount of elapsed

time from 2 moment when the calculated gear ratio
is within said permissible scope, to zero;
setting a timer which counts an amount of elapsed
time from a moment when the throttle valve 15_
fully closed, to zero; S
storing a value 1nd1c:atmg that said ealeulated gear
ratio is not within said permrsmble sSCOpe;

comparing an amount of elapsed time from a moment
when the engine is released from acting as a brake,
with a third stored predetermmed amount of time;
and :

resetting an engine brake flag when said amount of

elapsed time from the moment when the engine 18
acting as a brake is greater than said third stored
predetermined amount of time.

19. The method of claim 18, wherein said third stored |
predetermined amount of time is approximately equal to
0.5 seconds.

20. The method of claim 17, wherein said first stored
predetermined amount of time 1s apprommately equal to
0.1 seconds. | |

21. The method of claim 17, wherein said second
stored predetermined amount of time is approximately
equal to 0.5 seconds. |

22. The method of claim 17, wherein the method
further eomprlses |

resetting a timer which determines an amount of

elapsed time from the moment when the throttle
- valve is fully closed, to zero, when it 1s determmed
that the throttle valve is not fully closed;

comparing an amount of elapsed time from a moment
when the engine is released from acting as a brake,
with a third stored predetermined amount of time; -
il e o

‘resetting an engine brake flag when said amount of
‘elapsed time from the moment when the engine is

acting as a brake is greater than said third stored
predetermined amount of time.
23. The method of claim'9, wherein said actuating an
upshift indicating means comprises: .
determining if said actual frequency of the engine
speed and said actual load on the engine are within
said optimum upshift conditions; |

determining whether a throttle valve 1s eompletely
closed when said actual frequenoy of the engine
and said actual load on the engine are within said
optimum upshift conditions; |

setting a first timer, which counts an amount of

elapsed time that the actual frequeney of the engine
~ speed and the actual load on the engine are within
- said optimum upshlft conditions, to zero, when the
throttle valve is completely closed; | |
setting a second timer, which counts an amount of
elapsed time from a moment when the throttle
valve is'opened' from a fully closed position, to
Zero; :
resettmg an upshtft flag;
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| determmmg whether the actual gear ratio of the man-
ual transmission is in a highest gear ratio; |
eompanng a temperature of an engine coolant with a
- predetermined temperature when the actual gear

~ ratio of the manual transmlssmn is not in a highest 5

- gear ratio;

o comparmg a speed of the vehicle thh a predeter-
mined vehicle speed when the detected tempera-
ture of the engine coolant is greater than or equal
to said predetermined temperature; and 10

'outputtmg an instruction to upshift the manual trans-
mission when the speed of the vehicle is greater
~ than said predetermined vehicle speed.

 24. The method of claim 23, wherein the method

| 'further comprlses | 15

comparing a first stored predetermlned amount of
‘time with the amount of elapsed time that the ac-
tual frequency of the engine speed and the actual
load on the engine are within said optimum upshift
conditions, when the throttle valve 1S not com- 20
- pletely closed; | |
determining whether an engine brake flag is equal to
a predetermined value when the amount of elapsed
time that the actual frequency of the engine speed
‘and the actual load on the engine are within said 25
~ optimum upshift conditions is greater than sald first
predetermined amount of time;
determmlng whether a width of a pulse mputted nto
. a fuel injection valve is greater than or equal to a
second stored predetermined amount of time when 30
‘said engine brake flag is determined to be equal to
sald predetermined value;
determining whether an amount of elapsed time from
‘a moment when the throttle valve is opened from a
- fully closed position is greater than or equal to a 35
third stored predetermined amount of time, when
the width of the pulse inputted into the fuel injec-
tion valve is less than said second predetermined
' amount of time; - .
setting an upshift flag when said amount of elapsed_ 40
time from a moment when the throttle valve is
opened from a fully closed position is greater than
or equal to said th1rd stored predetermmed amount
of time;

determmmg whether the actual gear ratio of the man- 45

ual transmission is in a highest gear ratio;
comparing a temperature of an engine coolant with a

predetermined temperature when the actual gear

ratio of the manual transmission s not in a highest

~ gear ratio; 50

-comparmg a speed of the vehicle with a predeter-
mined vehicle speed when the detected tempera-
ture of the engine coolant is greater than or equal
to said predetermined temperature; and

outputting an instruction to upshift the manual trans- 55
mission when the speed of the vehicle is greater
‘than said predetermined vehicle speed.

25. The method of claim 14, wherein the method

further comprises:

determining whether an amount of elapsed time from 60

a moment when the throttle valve is opened from a
fully closed position is greater than or equal to a
fourth stored predetermined amount of time, when
the width of the pulse inputted into the fuel injec-
tion valve is greater than or equal to said second 65
stored predetermined amount of time;

settmg an upshift flag when said amount of elapsed
time from a moment when the thottle valve is
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opened from a fully closed position is greater than

~or equal to said fourth stored predetermmed
amount of time; |

. determlmng whether the actual gear ratio of the man-

‘ual transmission is in a highest gear ratio;
comparing a temperature of an engine eoolant with - a
predetermined temperature when the actual gear
‘ratio of the manual transmlssmn is not in a highest
gear ratio; | |
comparing. a speed of the Vehlole with a predeter-
‘mined vehicle speed when the detected tempera-
ture of the engine coolant is greater than or equal
to said predetermined temperature; and
outputting an instruction to upshift the manual trans-
mission when the speed of the vehicle is greater
than said predetermined vehicle. speed.
26. The method of Cl&lﬂl 25, wherein the rnethod

further comprises:

setting a timer which counts an amount of elapsed'
time from a moment when the engine is released
-from acting as a brake, to zero;

resetting an upshift flag;

determining whether the actual gear ratio of the man-
ual transmission is in a highest gear ratio;

~ comparing a temperature of an engine ooolant with a |
predetermined temperature when the actual gear -

ratio of the manual transmlsmon 1s not in a highest -
gear ratio;

comparing a Speed of the vehicle with a predeter-

mined vehicle speed when the detected tempera-
ture of the engine coolant is greater than or equal
to said predetermined temperature; and
outputting an instruction to upshift the manual trans-
mission when the speed of the vehicle is greater -
- than said predetermined vehicle speed.
27. The method of claim 25, wherein said fourth

stored predetermmed amount of time is apprommately_
| equal to 1.0 second.

28. The method of claim 24, wherem the method |

further comprises: | |
- setting said first timer, whlch oounts an amount of

elapsed time that the actual frequeney of the engine
and the actual load on the engine are within said
Optlmum upshift conditions, to zero, when the
‘engine brake flag is not equa] to sa1d predetermlned
value; |

setting an upshift flag: |

determining whether the actual gear ratio of the man-
ual transmission is in a highest gear ratio;

comparing a temperature of an engine coolant with a
predetermined temperature when the actual gear
ratio of the manual transmlsswn 1S not in a highest
gear ratio; |

comparing a speed of the vehicle with a predeter-
mined vehicle speed when the detected tempera-
ture of the engine coolant is greater than or equal
to said predetermined temperature; and

| outputtlng an 1nstruction to upshift the manual trans-

- mission when the speed of the vehicle is greater
‘than said predetermined vehicle speed. |
29. The method of claim 24, wherem the method

further comprises:

setting the second timer, which counts an amount of
elapsed time from the moment when the throttle
valve is open from a fully closed position, to zero,
‘when said amount of elapsed time that said actual
frequency of the engine speed-and said actual load
on the en gme are W1th1n said optimum upshift con-
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dltIOIlS, is less than satd first stored predetermlned
amount of time; --
- resetting an upshlft flag, - --
~determining whether the actual gear ratio of the man-
~ual transmission is in a highest gear ratio; - 3
comparing a temperature of an engine coolant with a
predetermined temperature when the actual gear
- ratio of the manual transmission is not in a hlghest
gear ratio; ' |
comparing a speed of the vehicle with a predeter- 10
. mined vehicle Speed when the detected tempera-
ture of the engine coolant is greater than or equal |
“to said predetermmed temperature; and
outputtmg an instruction to upshift the manual trans-
mission when the speed of the vehicle is greater
than said predetermined vehicle speed.
30. The method of claim 24, wherein said first stored

15

L predetermlned amount of tlme 1S apprommately equal to

0.2 seconds.
31. The method of claim 24, whereln said second
“stored predetermined amount of time is apprommately
| equal to 1.6 milliseconds. |
 32. The method of claim 24, wherein said third stored
- predetermined amount of time is approximately equal to
2.0seconds. | |
~ 33. The method of claim 23, wherein no instruction to
~ upshift is given when the actual gear ratio of the manual
transmission is in the highest gear ratio.
- 34 The me_thod of claim 23, wherein no instruction to 10
~ upshift is given when said temperature of the engine
‘coolant is less than said predetermined temperature.
- 35. The method of claim 23, wherein no instruction to
“upshift is given when speed speed of the vehicle is less
“than or equal to said predetermined vehicle speed. 35
36. The method of claim 9, wherein said actuating an
“upshift indicating means comprises: |
 determining if said actual frequency of the engine
- speed and said actual load on the engine are within
said optimum upshift conditions; 40
settmg a first timer, which counts an amount of
elapsed time that the actual frequency of the engine
“speed and the actual load on the engine are within
- said optimum upshift conditions, to zero, when 1t 1s
“determined that said actual frequency of the engine 45
speed and said actual load on the engine are not
within said optimum upshift conditions;
- setting a second timer, which counts an amount of
- elapsed time from a moment when the throttle
valve 1s opened from a fully closed position, to sg
Zero;
resetting an upshift flag;
determining whether the actual gear ratio of the man-
~ ual transmission is in a highest gear ratio;
comparing a temperature of an engine coolant with a 55
predetermmed temperature when said actual gear
~ ratio of the manual transmlssmn is not in said high-
- est gear ratio;
comparing a Speed of the vehlele with a predeter-

25

mined vehicle speed when the detected tempera- 60

- ture of the engine coolant is greater than or equal
to said predetermined temperature; and
outputting an instruction to upshift the manual trans-
mission when the speed of the vehicle 1s greater
than said predetermined vehicle speed. 65
37. The method of claim 9, wherein said determining
an actual gear ratio of the manual transmission com-
- prises:

20

18

calculatlng a gear ratio from a relatlonshlp between
- the actual frequency of the engine speed and the
actual frequency of the speed of the vehicle;

" comparing the calculated gear ratio with a plurallty o

of specific gear ratios stored in a memory means;

determining if said calculated gear ratio is within a '
- permissible scope of said plurality of stored spemﬁe_- o

gear ratios and storing the calculated gear ratlo
| when within said permissible scope;
- determining an amount of elapsed time from a mo-
ment when the calculated gear ratio is within said

permissible scope and comparing the determined
‘amount of elapsed time with a first stored predeter—' -

mined amount of time;

determining whether a w1dth of a pulse mputted 1nto -
a fuel injection valve is greater than or equal toa

 predetermined value when said determined amount
of elapsed time from the moment when the calcu-
lated gear ratio is within said perm1ss1b1e scope 18
greater than said first stored predetermmed amount

of time; | |
setting a timer which counts an amount of elapsed
time from a moment when the engme is released from

acting as a brake, to zero; :

determlmng an amount of elapsed tlme frem a mo-
ment when the vehicle begins to accelerate under a

large engine load and comparing the determined

amount of elapsed time from the moment when the
vehicle begins to accelerate with a second stored
predetermined amount of time; and |

outputting a value eorrespondmg to an acceleration

flag being set when said determined amount of
elapsed time when the moment when the vehicle
begins to accelerate under a large engine load 1s
greater than said second stored predeterm:ned
amount of time.

38. The method of claim 37, whereln when said calcu-

lated gear ratio is not within said permissible scope, said
determining an actual gear ratio of the manual transmls-_
sion further comprises:
setting a timer which counts an amount of elapsed.
time from a moment when the calculated gear ratio
is within said permlsSIbIe scope, t0 zero;
setting a timer which counts an amount of elapsed
time from a moment when the vehicle begins to
accelerate under a large engine load, to zero;
storing a value indicating that said ealculated gear
ratio is not within said permissible scope;
comparing an amount of elapsed time from a moment

when the engine is acting as a brake with a third

stored predetermined amount of time; and
resetting an acceleration flag when said amount of

elapsed time from the moment when the engine is
acting as a brake is greater than said third stored -

predetermined amount of time.
39. The method of claim 38, wherein said third stored
predetermined amount of time is approximately equal to

0.5 seconds.
40. The method of claim 37, wherein said first stored

predetermined amount of time 1s apprommately equal to
0.1 seconds.

41. The method of clamm 37 wherein said second

stored predetermined amount of time 1s appremmately

equal to 1.0 second.
42. The method of claim 37, wherem the method

further comprises:

resetting a timer which determines an amount of

elapsed time from the moment when the thmt_tle

MY
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valve 1s fully closed, to zero, when it is determlned |

that the throttle valve is not fully closed;
comparing an amount of elapsed time from a moment

- when the engine is released from acting as a brake,

- witha thrrd stored predetermmed amount ef time;
' and | | |
resetting an englne brake ﬂag when said amount of

3

~ elapsed time from the moment when the engine is

acting as a brake is greater than said- thlrd stered
- predetermined amount of time.

'43. The method of claim 9 wherem sald aetuatlng an
upshift lndleatmg means comprises:

determining if said actual frequeney ef the engme"

‘speed and said actual load on the engme are within
said optimum upshift conditions;
setting a first timer, which counts an amount of
elapsed time that the actual frequency of the engine
- speed and the actual load on the engine are within
‘said optimum upshift conditions, to zero, when it is
determined that said actual frequency of the engine
speed and said actual load on the engine are not
within said optimum upshift conditions;
- setting a second timer, which counts an amount of
 elapsed time from a moment when the throttle
~valve is opened from a fully closed position, to
ZETO; - o
'resettlng an upshift ﬂag,
determining whether the actual gear ratio of the man-
ual transmission is in a highest gear ratio;
determining whether a throttle valve is completely
closed, when said actual gear ratio of the manual
- transmission 1S not in said highest gear ratio;
comparing a temperature of an engine coolant with a
predetermlned temperature when the throttle
valve 1s not completely closed; - |
- comparing a speed of the vehlele with a. predeter—
~ mined vehicle speed when the detected tempera-
ture of the engine coolant is greater than or equal
to said predetermined temperature; and =
outputting an instruction to upshift the manual trans-
mission when the speed of the vehicle is greater
than said predetermined vehicle speed.

44, The method of claim 43 whrein the method fur- '

ther eempnses
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comparing a first stored predetermmed amount of 45

time with an amount of elapsed time that the actual
frequency of the engine speed and the actual load
on the engine are within said optimum upshift con-
ditions, when it is determined that said actual fre-
quency of the engine speed and said actual load on
the engine are Wlthln said optimum upshlft condi-
tions;

determlnmg whether an aeeeleratmn flag 1s equal to a
predetermined value when the amount of elapsed
time that the actual frequency of the engine speed

and the actual load on the engine are within said

optimum upshift conditions is greater than said first
stored predetermined amount of time;

determining whether a width of a pulse 1nputted into
a fuel injection valve is less than or equal to a sec-
ond stored predetermmed amount of time when
sald acceleration flag is determined to be equal to
said predetermined value;

determining whether an amount of elapsed time from
a moment when the throttle valve is opened from a
fully closed position is greater than or equal to a
third stored predetermined amount of time, when
the width of the pulse inputted into the fuel injec-
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tion valve is greater than said second predeter-
‘mined amount of time; | |
setting an upshift flag when said amount of elapsed”'
time from a moment when the throttle valve is
-opened from a fully closed position is greater than
~or equal to said third stored predetermmed amount
of time; | | | S
_determlnm g whether the actual gear ratlo of the man-
- ual transmission is in a highest gear ratio;
determining whether a throttle valve is completely |
closed, when said actual gear ratio of themanual' |
transmission is not in said highest gear ratio; '
comparing a temperature of an engine coolant with a
predetermined temperature when the throttle
~valve 1s not completely closed; - -- g
- comparing a speed of the vehicle with a predeter-
mined vehicle speed when the detected tempera-
ture of the engine coolant is greater than or equal
- to said predetermined temperature; and |
outputting an instruction to upshift the manual trans-
- mission when the speed of the vehicle is greater
than said predetermined vehicle speed.. |

' 45. The method of claun 44 ‘wherein the method
further comprises:

determlmng whether an amount of elapsed time from
a moment when the throttle valve is opened from a
fully closed position is greater than or equal to a
fourth stored predetermined amount of time, when
- the width of the pulse inputted into the fuel injec-
‘tion valve is less than or equal to said seeond stored
| predetermmed amount of time;
setting an upshift flag when said amount of elapsed
- time from a moment when the throttle valve is
opened from a fully closed position is greater than
or equal to said fourth stored predetermmed
amount of time; |

determining whether the actual gear ratlo of the man- -

‘ual transmission is in a highest gear ratio;
determlmng whether a throttle valve 1s completely
closed, when said actual gear ratio of the manual
transmission 1s not in said hlghest gear ratio;
comparing a temperature of an engine coolant with a
- predetermined temperature when the throttle
~ valve is not completely closed; -
comparing a speed of the vehicle with a predeter-
mined vehicle speed when the detected tempera-
ture of the engine coolant is greater than or equal
to said predetermined temperature; and
eutputtmg an instruction to upshift the manual trans-
mission when the speed of the vehicle is greater
than said predetermined vehicle speed. o
46. The method of clalm 45, wherein the method |
further comprises:
setting a timer which counts an amount of elapsed
time from a moment when the engine is released
- from acting as a brake, to zero;
resetting an upshift flag;
determining whether the actual gear ratlo of the man-
ual transmission is in a highest gear ratio;
determining whether a throttle valve is completely
closed, when said actual gear ratio of the manual
transmission is not in said hlghest gear ratio;
comparing a temperature of an engine coolant wzth a
predetermmed temperature. when the throttle
valve 1s not completely closed;
comparing a speed of the vehicle with a predeter—
mined vehicle speed when the detected tempera-
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~ ture of the engine coolant is greater than or equal
~ to said prodetermmed temperature; and =
outputtlng an instruction to upshift the manual trans-
“mission when the speed of the vehicle is greater
‘than said predetermined vehicle speed.
47. The method of claim 45, wherein said fourth

'stored predetermined amount of tlme 1s apprommately-

equal to 1.0 second.
48. The method of olalm 44 wherem tho rnethod

- further comprises: | o

. setting said first timer, ‘which counts an amount of
elapsed time that the actual frequenoy of the engine
‘and the actual load on the engine are within said
- optimuin- upshift - conditions, to zero, when the

e “value; "
- setting an upshlft ﬂag, |
- determining whether the actual gear ratio of the man-

ual transmission is in a highest gear ratio;

| -'.:_ determmmg whether a throttle valve 1s oompletely-
" closed, when said actual gear ratio of the manual

transmission is not in said hlghest gear ratio;

‘comparing a temperature of an engine coolant with a|

predetormmed temperature when the throttle
valve is not completely closed;

. comparing a speed of the vehlole with a prodeter-
~ mined vehicle 5poed when the detected tempera-

* ture of the engine coolant is greater than or equal

. to said predetermined temperature; and -
outputtmg an instruction to upshift the manual trans-
‘mission when the speed of the vehicle is greater
than said predetermined vehicle speed.
49. The method of claim 44 wherein the method

further COmPrises:
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o aoceleratlon ﬂag Is not equal to sald predetermmod 15
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| 'predetermlned amount of time 1S appro:omately equal to
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~ setting the second timer, which counts an amount of 35

elapsed time from a moment when the throttle
valve is opened from a fully closed position, to
zero, when said amount of elapsed time that said
actual frequency of the engine speed and said ac-
~tual load on the engine are within said optimum
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upshift- conditions is less than said ﬁrst stored pre- .

determined amount of time;
rosettlng an upshift flag;

- determining whether the actual goar ratlo of the man-' B

ual transmission is in a highest gear ratio;

determining whether a throttle valve is oompletely_ _
closed, when said actual gear ratio of the manual

~ transmission is not in said hlghest gear ratio;

comparing a temperature of an engine ooolzmt witha .
predetermined temperature V&h'en the throttle

valve 1s not ‘completely closed;
- comparing a speed-of the vehicle with a predeter-

mined vehicle speed when the detected tempera-.
ture of the engine coolant is greater than or equal'

to said predetermined temperature; and

than said predetermmed vehicle speed.
50. The method of claim 44, wherein said first stored

0.2 seconds.
51. The method of clalm 44, wherem sald second

“stored predetermmed amount of time is approximately

1.6 milliseconds.:

52. The method of claim 44, wherem said third stored “

predetermined amount of time 18 apprommately equal to

2.0 seconds. -
53. The method of olalm 44 wherem no instruction to

upshlft 1S gwen when the actual gear ratlo of the manual )

transmission is in the highest gear ratio..

54. The method of claim 44, wherein no instruction to '

upshift is given when said throttle valve is fully closed.

55. The method of claim 44, wherein no instruction to -
upshift is given when said temperature of the engine

coolant is less than said predetermined temperature.
56. The method of claim 44, wherein no instruction to

“upshift is given when said. speed of the vehicle is less
- than or equal to said predetermined vehicle. Speed
40 |

* ok kK ok

n outputtmg an instruction to upshift the manual trans-
 mission when the speed of the Vﬂthle 1s greator |
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